From May through October 2016, we conducted a repeated cross-sectional study examining the effects of temporal, spatial, flock and demographic factors (i.e. juvenile vs. adult) on the prevalence of Campylobacter and antimicrobial resistant Enterobacteriaceae among 344 fresh faecal samples collected from Canada geese (Branta canadensis) from four locations where birds nested in Guelph, Ontario, Canada. The overall prevalence of Campylobacter among all fresh faecal samples was 9.3% and was greatest in the fall when these birds became more mobile following the nesting season. Based on 40 gene comparative genomic fingerprinting (CGF40), the increase in prevalence noted in the fall was matched by an increase in the number of unique CGF40 subtypes identified. Resistance to colistin was detected most commonly, in 6% of Escherichia coli isolates, and was highest in the late summer months.
. The role of wild birds in the dissemination of Salmonella, Campylobacter and antimicrobial resistant organisms is difficult to characterize and appears to be quite variable, depending on the geographic location, season of sampling and ecological factors unique to each bird species, such as diet, foraging and migration behaviour (Čížek, Literák, Hejlíćek, Treml, & Smola, 1994; Girdwood et al., 1985; Kapperud & Rosef, 1983; Pennycott, Cinderey, Park, Mather, & Foster, 2002; Waldenström et al., 2002) . The prevalence of pathogenic and antimicrobial resistant bacteria may also vary between studies due to methodological factors such as the sampling technique (e.g. cloacal swab vs. faecal swab), age of faecal material (i.e. freshness of sample), time from sample collection to sample processing and culture sensitivity.
Seasonal variation in the prevalence of Salmonella and
Campylobacter isolated from wild birds has been well documented Colles et al., 2009; Girdwood et al., 1985; Hald et al., 2016; Pennycott et al., 2002) , but the season of peak prevalence is inconsistent between studies, and probably depends on ecological factors related to the bird species studied, in addition to factors affecting the prevalence of bacterial sources in the local environment.
Our previous work examining three different sources of Canada goose samples (i.e. hunted birds, fresh faecal samples from live birds, diagnostic specimens) identified a seasonal trend in the prevalence of both Campylobacter and antimicrobial resistant Escherichia coli among faecal samples from live birds (Vogt et al., 2018) . The highest prevalence of both Campylobacter and resistant E. coli coincided with seasons of increased bird movement (spring and fall). However, our ability to assess seasonal effects across all sources in our previous study (Vogt et al., 2018) was limited due to confounding by source and location; certain sources were only available during limited times of the year (e.g. hunted samples in the fall) and certain locations could not be resampled due to an absence of birds on the site. In order to address this issue and verify seasonal findings among fresh faecal samples, we evaluated one source type (i.e. fresh faecal samples from live birds) in one type of location (i.e. urban recreational setting) using a single sampling technique (i.e. faecal swab).
Our objective was to assess the prevalence and patterns of carriage of Campylobacter, Salmonella, antimicrobial resistant nonspecific E. coli, and extended-spectrum beta-lactamase producing Enterobacteriaceae from Canada geese in urban recreational areas in Guelph, Ontario, among birds of different ages (i.e. juvenile vs. adult birds), in different seasons, at different sampling sites.
| ME THODS

| Sample collection
This was a repeated cross-sectional study in which samples were taken not to contaminate swabs with soil or other environmental contaminants. Sites were sampled at least once per month, as long as geese were present. Based on available resources and funding, our goal was to obtain a faecal sample from 20 different geese per site each month to obtain uniform sampling of birds over the study period.
Two Cary-Blair transport media swabs (BD Diagnostics, Sparks, MD, USA) were collected from each bird. One swab was submitted for E. coli and Salmonella isolation, while the other was submitted for Campylobacter isolation. The sampling site and date of collection were recorded, and age of the bird was noted, when possible.
Differences in plumage were used to distinguish between juvenile and adult birds during the late summer and fall (Purdy & Malecki, 1984) . Sample swabs were kept in a cooler in the field, and then refrigerated upon arrival at the laboratory within three hours of sample collection. Swabs were submitted for Campylobacter isolation and testing to the National Microbiology Laboratory at Lethbridge (Public Health Agency of Canada, Lethbridge, Alberta) within five days of sampling. The duplicate swabs were frozen at −80ºC within 48 hr of arrival, and stored at −80ºC for 1-4 months prior to isolation of Enterobacteriaceae.
| Salmonella and E. coli isolation
The same swab was used to isolate both Salmonella and E. coli.
Methods used to isolate Salmonella and E. coli were described elsewhere (Vogt et al., 2018) . Briefly, swabs were enriched in 4.5 ml of buffered peptone water (BPW; Becton, Dickson and Co., Sparks, MD, USA) and incubated at 37°C for 18-24 hr and then examined for growth. An additional enrichment step was conducted for E. coli; 2 ml of enriched BPW broth was placed into 2 ml selective E. coli enrichment EC broth (Becton, Dickson and Co., Sparks, MD, USA), followed by incubation at 37°C for 24 hr. The EC enriched broth was plated onto a MacConkey (MAC) agar plate (Becton, Dickson and Co., Sparks, MD, USA) and then incubated.
IMPACTS
• Canada geese in Ontario carry zoonotic bacteria such as Campylobacter and antimicrobial resistant Escherichia coli and may be a source of these potentially harmful microorganisms for humans and agricultural animals.
• Phenotypic colistin resistance in E. coli was identified in a small proportion of samples from Canada geese (6.0%), but these isolates were negative for mcr-1 to mcr-5 genes.
• Seasonal trends were identified in the prevalence of Campylobacter and resistant E coli; however, longitudinal studies are required to verify these findings.
A presumptive E. coli colony was transferred to another MAC agar plate and incubated at 37°C for 18-24 hr, as an additional purification step. One colony was subsequently transferred to tryptic soy agar (Becton, Dickson and Co., Sparks, MD, USA) and incubated at 37°C for another 18-24 hr. The Kovac indole spot reagent (Remel, Lenexa, KS, USA) and Simmons' citrate agar (Becton, Dickson and Co., Sparks, MD, USA) were used for biochemical confirmation of E. coli. Citrate negative and indole positive isolates were considered E. coli positive.
For Salmonella isolation, 0.1 ml of BPW was transferred onto a modified semisolid Rappaport Vassiliadis (MSRV) agar (Oxoid Company, Nepean, ON, Canada) and incubated at 42°C for 24-72 hr following incubation of swabs in BPW. A loopful of presumptive Salmonella was then transferred onto a xylose lactose tergitol-4 (XLT-4) agar, and a MAC plate, and both were incubated at 37°C for a further 18-24 hr. A presumptive positive Salmonella colony was inoculated from the MAC plate onto tryptic soy agar, and then incubated at 37°C for 18-24 hr. Growth on the XLT-4 plate was examined for typical Salmonella characteristics. Christensen's urea agar slant (Becton, Dickson and Co., Sparks, MD, USA) and triple sugar iron agar slant (Becton, Dickson and Co., Sparks, MD, USA) were used for biochemical confirmation of Salmonella. Urea-negative, triple sugar iron test positive samples were considered positive for Salmonella.
In addition, each presumptive positive isolate of Salmonella was confirmed using an agglutination test, with Salmonella O Antiserum Poly A-I & V i agglutination tests.
| Escherichia coli antimicrobial susceptibility testing
Antimicrobial susceptibility testing of E. coli to 14 antimicrobials was (Illumina, San Diego, CA) . Assembled sequence data were analysed using the batch uploader mode at the Centre for Genomic Epidemiology website (https://cge.cbs.dtu.dk/ services/), and data were produced from the ResFinder, PointFinder and MLST tools. SNV analysis was conducted using a previously published pipeline (Petkau et al., 2016) . The following parameters were set: map/base quality 30, alternate fraction 0.75, minimum read coverage of identification of variants 15 and SNV density filtering of two SNVs within a 20 base pair window. Maximum-likelihood phylogenetic trees were built using PhyML v3.1 (Guindon et al., 2010) .
| Extended-spectrum beta-lactamase (ESBL) Enterobacteriaceae testing
Isolation of ESBL-producing Enterobacteriaceae was performed using the same swab as used for E. coli and Salmonella isolation and was performed using ChromAgar™ ESBL (ChromAgar, Paris, France). 
Confirmation of ESBL
| Campylobacter isolation and molecular subtyping
Methods used to isolate thermophilic Campylobacter species using the membrane filtration method are described elsewhere (Jokinen et al., 2011) . Briefly, faecal swabs were placed in 20 ml of Bolton broth (BB) with BB selective supplement (SR0183, Oxoid) and 5% laked horse blood (SR0048). The solution was mixed rapidly for 20 s and then incubated at 42 ± 1°C in microaerophilic conditions (10% CO 2 , 5% O 2 , 85% N 2 ) for 24 hr. Following incubation, 100 µl of BB was added dropwise to a 0.65 µm cellulose acetate membrane filter which was positioned on the surface of modified charcoalcefoperzone-deoxycholate agar (mCCDA) plates. Passive filtration of the culture was performed over 15 min. The filters were subsequently removed, and mCCDA plates were then incubated at 42 ± 1°C for 48 hr under microaerophilic conditions. Presumptive Campylobacter colonies were subcultured to blood agar plates and then re-incubated at 42 ± 1°C for another 24-48 hr. Per sample, a maximum of five colonies were subcultured. Based on growth and colony morphology, presumptive Campylobacter spp. were subcultured once more to blood agar in order to obtain biomass for frozen storage, as well as for DNA extraction using the EZ1 DNA tissue kit (Qiagen, Mississauga, Canada) according to manufacturer instructions.
Presumptive positive Campylobacter were confirmed by multiplex PCR with either one or both of the methods described by Denis et al. (1999) and Wang et al. (2002) . These methods contain markers for genus level identification of Campylobacter, in addition to speciesspecific markers for Campylobacter jejuni and Campylobacter coli. A QIAxcel capillary electrophoresis instrument and the DNA screening kit were used to visualize PCR amplicons. BioCalculator v.3.0 software was used to further analyse and visualize PCR amplicons.
Campylobacter isolates were subtyped on a molecular level using the 40-gene comparative genomic fingerprinting assay (CGF40) as described by Taboada et al. (2012) 
| Statistical methods
All statistical analyses were performed using STATA (Intercooled Stata/IC, version 14.0, StataCorp LP, College Station, Texas) except for dendrograms which were generated using R Statistical Software for comparison with data from previous years (Vogt et al., 2018 The score method was used to estimate p-values for all exact logistic regression models. In the multi-level models, variance components for flock were used to calculate intraclass correlation coefficients (ICCs) using the latent variable technique (Dohoo, Martin, & Stryhn, 2009) . For multi-level models, model assumptions were assessed by examining Pearson's residuals for outliers, and by assessing the best linear unbiased predictions (BLUPs) for normality and homoscedasticity. If model assumptions were violated, the random intercept was removed and the Bayesian information criterion (BIC) was subsequently used to select the best fitting model (Dohoo et al., 2009 ).
Interactions were explored only if there were sufficient data to explore all combinations of the two independent variables. For all the above analyses, a significance level of α = 0.05 was used.
Within each flock, antimicrobial resistance (AMR) patterns of E. coli and Campylobacter CGF40 subtypes were examined to compare patterns among isolates from birds within a flock. A dendrogram was generated for unique CGF40 subtypes using the unweighted pair-group method with arithmetic mean (UPGMA), and the percentage method with R Statistical Software and the "ape" package and "dendextend" packages (Galili, 2015; Paradis, Claude, & Strimmer, 2004) , with the following commands: "dist.
gene," "hclust." A dendrogram was built using the percentage method, and the unweighted-pair group method with arithmetic mean (UPGMA), and visualized using the "ggtree" package (Yu, Smith, Zhu, Guan, & Lam, 2017) . Median similarity scores for CGF40 subtypes were calculated among all Campylobacter positive birds within each flock using the simple matching method, and the "matrix dissim" command in STATA. In addition, median similarity scores were also calculated within each flock, with each
Campylobacter species considered separately (e.g. median similarity score for unique CGF40 subtypes among C. jejuni positive birds only). The CGF40 subtypes identified among geese in this study and their associated locations were compared to CGF40 subtypes identified in Canada geese in southern Ontario during our previous study (2013 -2015 Vogt et al., 2018) . In addition, the CGF40 subtypes identified in this study were compared with the Canadian Campylobacter CGF database (National Microbiology Laboratory at Lethbridge, Alberta) to identify other animal and environmental sources from which these subtypes have previously been identified.
| Spatial scan statistics
Retrospective spatial scan statistics were performed for dependent variables using a Bernoulli model such that cases were defined as birds TA B L E 1 Prevalence of Campylobacter, resistant Escherichia coli and multiclass resistant E. coli by season among Canada geese from urban recreational areas in Guelph, Ontario ( Notes. Additional Campylobacter species that were isolated from fall faecal samples included untypeable Campylobacter isolates isolated from eight birds (2.0% overall; 95% CI: 0.8-4.1). positive for Campylobacter, E. coli resistant to ≥1 antimicrobial classes, E. coli resistant to ≥2 antimicrobial classes, or E. coli resistant to colistin, whereas controls were defined as birds negative for these outcomes.
Temporal scans were performed over the entire study period, with month as the minimum time aggregation unit. The maximum temporal scanning window was set at 50% of the study period. Locations of sampling sites were recorded in decimal degrees. Spatial scans were performed using a maximum scanning window of 50% of the population at risk. Space-time scans were conducted without restrictions for reporting secondary clusters, but were subsequently reviewed manually and only statistically significant clusters that did not overlap in space and time were reported. For all scans, statistical significance was determined using 999 Monte Carlo replications, a two-sided hypothesis, and a significance level of α = 0.05. Visualization of spatial and space-time clusters was performed in ArcGIS 10.4.1 (ESRI, Redlands, CA, USA).
| RE SULTS
| Samples collected and isolates
A total of 344 samples were collected; most samples were collected from site A (157), followed in descending order by sites D (92), C (48) and B (47; Figure 1 ). Sites A and D were sampled at least once monthly. Sites B and C were not sampled in August, September or
October as Canada geese were either not present on that site at the time of collection or could not be sampled for practical reasons (e.g.
birds were swimming). An average of 16.4 birds was sampled per site, ranging from 7 to 21 birds. The overall prevalence of Campylobacter among samples collected from these birds was 9.3% (Table 1 ). The majority of Campylobacter were identified as C. jejuni, none were C. coli and a small number were untypeable Campylobacter (Table 1) .
No Campylobacter isolates were obtained from birds sampled at sites B or C. All untypeable isolates were obtained from birds sampled at site A in the fall. The overall prevalence of E. coli isolated from these birds was 73.0%. Salmonella was not isolated from any of the geese.
| Characterization of antimicrobial resistance
The prevalence of E. coli resistant ≥1 class of antimicrobials was 3.8%, and to ≥2 classes of antimicrobials was 1.7% ( E. coli isolates with colistin resistance were obtained during the late summer (Table 1 ). In total, seven unique E. coli resistance patterns were identified (Table 2) . Resistant E. coli were identified among 11 of 18 flocks (61.1%; 95% CI: 35.7%-82.7%; Table 2 ). Escherichia coli isolates exhibiting resistance to colistin were identified at all four sampling sites, and among the six flocks of birds with colistin resistance, multiple birds were positive in three of these flocks (Table 2 ).
All colistin-resistant E. coli were susceptible to all other antimicrobials tested and WGS data confirmed this finding using ResFinder, and included the lack of mcr-1 to mcr-5 genes. A V161G alteration in PmrB previously associated with colistin resistance was identified in all of the colistin-resistant E. coli identified using PointFinder. All isolates were sequence type ST3521, and varied between 1 and 4 SNVs with 98.7% of the core genome analysed. The E. coli geese cluster differed by >12,000 SNVs when compared to nine colistin-resistant E. coli isolates identified in humans from hospitals identified in the CANWARD study between 2007 and 2016 (Walkty et al., 2016) .
| Extended-spectrum beta-lactamase (ESBL) Enterobacteriaceae
Of the 344 samples collected, two presumptive ESBL-producing
Enterobacter cloacae isolates were found. Upon screening with multiplex PCR, no beta-lactamase genes were identified.
| Univariable analyses
Due to issues with effective sample size, multi-level models could only be fitted with one fixed effect per model. In some cases, only exact logistic regression models could be used. Model assumptions were met by all models except for Campylobacter by season, and the random effect was retained since the BIC was slightly lower with the random effect in the model, and since flock was a significant random effect based on the LRT. Season was significantly associated with both the prevalence of
Campylobacter and E. coli resistance to colistin. Samples collected in the fall were significantly more likely to be positive for Campylobacter compared to those collected in early and late summer (Table 3) . Sampling site was also significantly associated with Campylobacter prevalence;
there were significantly lower odds of isolating Campylobacter from sites B and C compared to site A (Supporting Information Table S2 ). The prevalence of E. coli displaying phenotypic resistance to colistin was significantly higher in the late summer compared to early summer and fall, but was not associated with sampling site (Tables 3 and Supporting   Information Table S2 ). Bird age was not significantly associated with any of the outcomes (Supporting Information Table S2 ). None of the independent variables were significantly associated with E. coli resistance to ≥1 class of antimicrobials, or to ≥2 classes of antimicrobials (Tables 3   and Supporting Information Table S2 ). Information Table S3 ). Flock was a significant random effect in at least one univariable analysis for each outcome except for E. coli resistance to ≥2 classes of antimicrobials (Supporting Information Table S3 ). The ICCs ranged between 10.1% and 46.6%.
| Estimation of variance
| Campylobacter CGF40 subtyping
In total, 10 of 21 flocks were positive for Campylobacter (47.6%, 95% CI: 25.7%-70.2%). Overall, 160 isolates were obtained from 32 Campylobacter positive birds, and a maximum of five isolates were obtained from each bird. Nineteen genes were absent from all isolates. All 40 genes were absent from untypeable Campylobacter isolates. Six unique CGF40 subtypes were identified among C. jejuni. Two different CGF40 subtypes were identified in two birds sampled from different flocks in the fall; two unique C. jejuni subtypes differing at six loci were isolated from one bird, whereas both C. jejuni and untypeable Campylobacter were isolated from the other bird.
Fall samples included all seven unique CGF40 subtypes identified in this study; however, only one unique subtype was identified each for early summer and late summer samples (Figure 2 ). In addition, all eight birds with untypeable Campylobacter isolates were sampled during the fall (Table 4 , Figure 2 ). In flocks with more than one Campylobacter positive bird, median similarity scores among unique subtypes from each bird were at least 85% in four of five flocks. The remaining flock had a median similarity score of 60%, but this flock included birds with C. jejuni and untypeable
Campylobacter (Table 4) . When considering C. jejuni only, median similarity scores were higher overall, ranging from 87% to 100% (Table 4) .
Four of the six C. jejuni CGF40 subtypes identified in this study were identical to CGF40 subtypes identified in our previous study of Canada goose samples collected in southern Ontario (2013 -2015 Vogt et al., 2018) . Two of these CGF40 subtypes were identified in the same urban recreational area within Guelph in both the present and previous study (Vogt et al., 2018) . One of these CGF40 subtypes was identified within Guelph, but in a different urban recreational area from the previous study. The remaining CGF40
subtypes were previously identified in hunted birds sampled in agricultural areas in southern Ontario in 2013 and 2014, as far as 110 km away from Guelph (Vogt et al., 2018) . In our previous study, six additional unique CGF40 subtypes were identified in the same urban recreational areas sampled in our present study. Based on a comparison with the Canadian Campylobacter CGF database, the CGF40 subtypes identified in this study were previously identified in water, poultry, human, cattle and wild bird samples (Supporting Information Table S4 ).
| Spatial scan statistics
Three statistically significant spatial clusters were observed: high
Campylobacter prevalence at site A, low Campylobacter prevalence at sites B and C, and low prevalence of E. coli colistin resistance at site A (Table 5) . Three statistically significant temporal clusters were detected. A cluster of high Campylobacter prevalence was seen from September to October (Table 5) . A high cluster of E. coli resistance to colistin was noted in July, and a high cluster of E. coli resistance to ≥2 classes of antimicrobials was observed from July to August (Table 5) . Three statistically significant space-time clusters were detected. A high cluster was noted for Campylobacter prevalence at site A in October, whereas the sites B and C were identified as a low cluster of Campylobacter prevalence from May to July (Table 5) . A high cluster for E. coli resistance to colistin was identified at site D in July (Table 5 ).
| D ISCUSS I ON
Overall, we identified a relatively low prevalence of potentially zoonotic organisms in Canada geese, which was consistent with our previous study of these birds in southern Ontario (Vogt et al., 2018) .
Our exploration of seasonal patterns revealed that geese may carry a higher prevalence of certain microorganisms during seasons when bird movement is increased. We suspect that birds which regain flight capability following the breeding season may be increasingly exposed to environmental sources of microorganisms, related to agriculture and/or other anthropogenic sources.
| Salmonella
As with our previous study, Salmonella was not isolated from any geese samples obtained during 2016 (Vogt et al., 2018) . This was not an unexpected finding considering the low prevalence cited by other studies examining this pathogen in Canada geese (Converse, Note. Median similarity scores were not calculated for Campylobacter which were untypeable using the CGF40 system (417.2.2), as all 40 markers were absent. a Unique identification numbers assigned to a group of birds sampled on a given date at a given site. 
| Campylobacter and CGF40 subtypes
The overall prevalence of Campylobacter is similar to our previous study (Vogt et al., 2018) , and within the prevalence range noted by others (0%-50%; Converse et al., 1999; Fallacara, Monahan, Morishita, & Wack, 2001) . We noted that the prevalence of Campylobacter varied significantly by season, with peak isolation occurring in the fall. Unfortunately, we cannot directly compare this finding with our previous work (Vogt et al., 2018) , due to a limited number of samples obtained from live birds during the fall in that study (n = 14). Other studies examining Campylobacter in wild birds have found peaks in prevalence in various seasons (e.g. spring, summer, fall), depending on the bird species and location of sampling Colles et al., 2009 ). Our findings of a peak prevalence of Campylobacter in the fall are consistent with the hypothesis suggested in our earlier work (Vogt et al., 2018) , that a higher carriage of microorganisms by geese may be related to increased bird mobility at certain times of year. The peak prevalence of Campylobacter in the fall coincides with increased bird movement during that period of time. After Canada geese undergo a complete moult during the breeding season, they are unable to fly for a period of approximately 6-8 weeks in May and June as they regrow their flight feathers. By late summer and early fall, young of the year and adults become capable of flight (Purdy & Malecki, 1984) . We suspect that geese may be increasingly exposed to environmental sources similar overall, as the lowest similarity score for all C. jejuni was 80%.
Several of the CGF40 subtypes identified in this study were identical to subtypes identified in our previous study. This finding suggests that although there is some diversity in Campylobacter subtypes within a region, the CGF40 subtypes do not radically differ between geese sampled in different years. It should be noted that the delay in processing of Campylobacter samples may have negatively impacted the survival of certain CGF40 subtypes, with a bias towards the survival of more robust subtypes, and may have resulted in underestimation of the prevalence of carriage.
| Antimicrobial resistance in E. coli (NARMS panel)
The prevalence of E. coli resistance to antimicrobials has been reported to be as high as 72% and 100% among Canada goose samples from the Mid-Atlantic and southern United States (Cole et al., 2005; Middleton & Ambrose, 2005) . We report a relatively low prevalence, which was comparable to data previously collected in southern Ontario (Vogt et al., 2018) . Similar to our previous study, late summer and fall) demonstrated higher levels of resistant E. coli (Table 1) . The above findings were consistent with analyses and the resultant hypotheses we proposed in our previous study of Canada geese (Vogt et al., 2018) .
| Colistin resistance in E. coli
All colistin resistance identified in our study was chromosomal (independent of mcr-1 to mcr-5); thus, the threat of dissemination was low compared with plasmid-mediated resistance; however, the detection of colistin resistance in urban wildlife raises a number of questions. 
| Spatial scan statistics
Overall, the clusters identified by spatial scan statistics were consistent with our univariable statistical analyses, with the exception of a significant high cluster identified by scan statistics from July to August (late summer) among E. coli resistant to ≥2 classes of antimicrobials (Table 5 ). The scan statistic was selected to detect clusters using our spatial and temporal data, with a null hypothesis that cases are randomly distributed in space, time, and space-time. The alternative hypothesis of the scan statistic claims that the risk of a case is elevated or decreased within a region compared to the outside region. In this respect, the scan statistic was more sensitive than our univariable analyses, and detected this temporal cluster by comparing the prevalence of E. coli resistant to ≥2 classes of antimicrobials in July and August to all other months collectively. Spatial scan statistics were also valuable in allowing us to explore space-time clusters which could not be explored using regression modelling due to too few observations for some site-month combinations.
| Accounting for flock effects
Our previous work highlighted the importance of accounting for clustering of geese by flock in statistical analyses (Vogt et al., 2018 ).
With our current study data, less than half of our models accounted for clustering due to the following: (a) flock effects were negligible;
and (b) a multilevel model was not used due to omitted observations in certain categories of the independent variable resulting from zero prevalence of the outcome in those categories. In general, low effective sample sizes may have limited our ability to detect flock as a significant random effect. In models where flock was a significant random effect, the ICCs had wide confidence intervals. This finding is consistent with findings in our previous study (Vogt et al., 2018) and confirms that although there is not a high degree of certainty in the ICC estimates themselves, observations from the same flock are not independent.
| Limitations
The limitations of this study relate to the cross-sectional study design, as well as our use of minimally invasive wildlife sampling techniques. This type of study design does not permit us to draw strong inferences about specific environmental exposures of the geese that have led to the acquisition of certain organisms. We also did not uniquely identify birds, as they were not handled, thus resampling may have occurred between sampling dates. This could bias the results, in that duplicate CGF40 and AMR patterns may in fact represent the same bird on different sampling dates; if this was the case, it would suggest that the goose was colonized and potentially shedding over a longer period of time. Regardless, either scenario (i.e. transmission between geese in a flock vs. colonization of one bird over a long period of time) poses a potential threat to public health.
In addition, limitations apply to our concept of flock, since birds were not uniquely identified. Our assumption was that birds sampled on the same date at the same site were part of the same flock. In reality, however, the population structure of geese is undoubtedly more complex and varies depending on the season of sampling (e.g. breeding season vs. migration season). Based on personal observations, the average flock size increased as goslings matured in the later summer months and into the fall period (August to October). While we were able to account for clustering at the time of sampling in many of our analyses, we could not account for more complex relationships among birds between sites and times of sampling.
| CON CLUS ION
In spite of our findings of low levels of antimicrobial resistance among Canada geese, the potential risk posed to public and animal health should be examined in the context of the social behaviour of geese. Canada geese frequently gather in large flocks, which may increase the probability of transmission to other animals, the environment and humans. The increased mobility of birds during certain seasons (i.e. spring and fall) is also a concern due to the potential increase in the acquisition and spread of pathogens, antimicrobial resistant organisms and antimicrobial resistance genes. 
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